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Abstract: Wc explore right-handed sneutrino-antisneutrino mixing in a TeV scale B — L extension 
of the Minimal Supersymmetric Standard Model (MSSM), (B — L)SSM, where a type I seesaw mecha- 
nism of light neutrino mass generation is naturally implemented. The constraints imposed on the mass 
splitting between heavy right-handed sneutrino and the corresponding antisneutrino by the experimen- 
tal limits set on the light neutrino masses are investigated. We also study direct pair production of 
such right-handed sneutrinos at the Large Hadron Collider (LHC) and its decay modes, emphasising 
that their decay into same-sign di-lepton pairs are salient features for probing these particles at the 
CERN machine. Finally, the charge asymmetry present in such same-sign di-lepton signals is also 
analysed and confirms itself as a further useful handle to extract information about the oscillation 
dynamics. 
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1 Introduction 

Experimental evidence exists for the oscillation into one another of physical eigenstates of relativistic 
fields/particles with degenerate quantum numbers, specifically, in neutral systems, like K° , B^, B®, 
D , and, most importantly for our study, v's. In the case of the hadronic states, the associated 
measurements provided important insights into the structure of Electro- Weak (EW) interactions, in 
particular, their Charge and Parity (CP) dynamics, confirming that CP-violation indeed occurs in 
Nature. In the case of neutrinos, proof that they oscillate translates into the fact that they have 
non-zero masses. Hence, no matter where such the oscillation phenomenon appears, it has always 
lead to clear advances in the understanding of the fundamental interactions governing the behaviour 
of fields and particles. 

Conversely, from a theoretical point of view, we know that the Standard Model (SM) , whereas it 
can account for oscillations in the aforementioned hadronic systems, cannot explain neutrino masses, 
as the latter are, by construction, absent in it. Hence, some Beyond the SM (BSM) physics ought to be 
invoked to accommodate neutrino oscillations. Further, if one recalls the so-called hierarchy problem 
of the SM, its inability to provide a candidate for Dark Matter (DM), its failure to explain the matter- 
antimatter asymmetry in the Universe and the lack of gauge coupling unification at any scale in it, 
a natural way forward in the quest to formulate a viable BSM scenario is to adopt Supersymmetry 
(SUSY), which can remedy at once all such flaws. In fact, SUSY can also easily co-exists with 
constraints emerging from the hadronic and leptonic sectors, when it comes to incorporate oscillation 
phenomena. 

The simplest realisation of SUSY is the Minimal Supcrsymmctric Standard Model (MSSM), 
whereby the gauge structure of the SM is maintained and the matter spectrum is limited to the 
most economical structure able to ensure anomaly cancellations, which corresponds to the adoption 
of an additional Higgs doublet field (with respect to the SM) and the Supersymmetrisation of all en- 
suing Higgs/gauge boson and fermion fields into the Higgsinos/gauginos and sfermions. The MSSM is 
therefore rather predictive amongst the many possible SUSY realisations, in so far that the number of 
independent parameters defining it (whether it be in a constrained or unconstrained version) is always 
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the smallest with respect to those of its SUSY alternatives. However, this feature also renders it very 
testable from an experimental point of view. From this perspective, it is now widely acknowledged 
that Large Hadron Collider (LHC) data have reduced considerably the viable parameter space of the 
MSSM, in both its constrained and unconstrained formulation, and/or confined it to rather unnatural 
spectrum configurations (of masses and couplings). On the one hand, the very recent observation of 
a SM-like Higgs boson constrains significantly the spectrum of the MSSM Higgs sector, namely, tan/3 
(the ratio of the Vacuum Expectation Values (VEVs) of the two aforementioned Higgs doublet fields) 
and the mass of one of the Higgs bosons (there are five in the MSSM, three neutral and a pair of 
charged ones) directly as well as the mass of the squarks (the SUSY counterparts of the SM quarks) 
indirectly On the other hand, no observation whatsoever of the aforementioned Higgsinos, gauginos 
and sparticles at the mass scale preferred by the MSSM to achieve gauge coupling unification (i.e., of 
order 1 TeV or so) affirms the possibility that the SUSY sparticle sector is richer than the one of the 
MSSM. 

In the light of all this, it has therefore become of extreme relevance to explore non-minimal 
realisations of SUSY, better compatible with current data than the MSSM yet similarly predictive. 
Owing to the established presence of non-zero neutrino masses, a well motivated path to follow in this 
direction is to consider the B — L Supersymmetric Standard Model, henceforth (B — L)SSM for short. 
Herein, (heavy) right-handed neutrino Superfields are introduced in order to implement a type I seesaw 
mechanism, which provides an elegant solution for the existence and smallncss of the (light) left-handed 
neutrino masses. Right-handed neutrinos can be naturally implemented in the (B — L)SSM, which is 
based on the gauge group SU(3)c x SU(2)l x U(1)y x U(1)b-l, hence the simplest generalisation 
of the SM gauge group (through an additional U(1)b-l symmetry). In this model, it has been shown 
that the scale of B — L symmetry breaking is related to the SUSY breaking scale [1], so that this 
SUSY realisation predicts several testable signals at the LHC, not only in the sparticle domain but 
also in the Z' (a Z' boson in fact emerges from the U(1)b-l breaking), Higgs (an additional singlet 
state is economically introduced here, breaking the U(1)b-l group) and (s)neutrino sectors [2-4]. 
Furthermore, other than assuring its testability at the LHC, in fact in a richer form than the MSSM, 
the (B — L)SSM also alleviates the so-called 'little' hierarchy problem of the MSSM, as both the 
additional singlet Higgs state and right-handed (s)neutrinos [5-7] release additional parameter space 
from the LEP, Tevatron and LHC bounds. A DM candidate plausibly different from the MSSM one 
exists as well [8]. Finally, interesting results on the ability of the (B — L)SSM to emulate the Higgs 
boson signals isolated at the LHC are also emerging [9]. 

Now, if the heavy (anti)neutrinos are of the Majorana type, as it is the case for the (B — L)SSM, 
it is expected that their SUSY partners, i.e., the (anti)sneutrinos, oscillate analogously to the physics 
systems recalled before. That is, sneutrino-antisneutrino mixing occurs and the AL = 2 Majorana 
neutrino mass terms governing such a dynamics can induce a mass splitting (Am^) between the 
physical states. The effect of this mass splitting is to induce sneutrino-antisneutrino oscillations 
[10, 11]. This can in turn lead to a sneutrino decaying into a final state with a "wrong-sign charged 
lepton". If such sneutrino-antisneutrino system is produced via pairs at the LHC, the ultimate result 
is that same-sign di-lepton pairs are eventually induced at the LHC, that can then be studied to reveal 
such an oscillation. In fact, the charge asymmetry of such same-sign di-lepton signals produced by 
right-handed sneutrino-antisneutrino oscillations can also be analysed at the CERN machine, providing 
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further insights into such a phenomenon. 

Much of this phenomenology has been tackled already in the MSSM, see Ref. [12, 13] (see also [14] 
for the i?-parity violating case). It is the purpose of this paper, motivated by the previous discussion 
about the drawbacks of the MSSM, to re-address the analysis to the case of the (B — L)SSM. The 
paper is organised as follows. In the next section we describe the theoretical setup of the right-handed 
(anti)sneutrino sector in such a model while Sect. 3 discusses the experimental constraints on it. Sect. 
4 will instead present our results for the LHC. Finally, we conclude in Sect. 5. 

2 Theory of right-handed sneutrino-antisneutrino mixing 

In this section, we analyse the right-handed sneutrino sector in the (B — L)SSM. As advocated in the 
introduction, this type of extension implies the existence of three extra Supcrficlds, one per generation, 
with B — L charge= —1/2, in order to cancel the associated B — L triangle anomaly. These Supcrficlds 
are identified with the right-handed neutrinos and will be denoted by Ni. In addition, in order to 
break the B — L symmetry at the TcV scale, two Higgs Supcrficlds Xi,2, with =pl B — L charges, 
are required. In Table 1 we present the particle contents of the {B — i)SSM as well as the quantum 
numbers of the chiral Superfields with respect to SU(3)c x SU(2)l x U(1)y x U(1)b-l- 
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Table 1. Chiral Superfields of the (B — L)SSM and their quantum numbers 



The (B — L)SSM Supcrpotcntial is given by the expression 

W = Y U QH 2 U C + Y d QH\D c + Y e LH\E c + Y U LH 2 N C + -Y N N c X iN c + fxH^ + fx'xiX 2 . (2.1) 
The relevant soft SUSY breaking terms are given by 



'-soft— '-soft + m Nij^i JV j+ m xilX 

1 



X2 



Y v %LiN?H u + YSyNfNjxi + B^' XlX 2 + -M B -lZb-lZ B -l + M' B _ L ZZ B _ L + h.<( 



:.2) 



where (Y^)ij = (Y^A^)^ is the trilincar associated with the Majorana neutrino Yukawa coupling. 
Note that, due to the B — L invariance, the bilinear coupling B^N C N C is not allowed. It may be 
generated only after the B — L symmetry breaking. The Majorana mass M' B _ L is generated due to 
the possible gauge kinetic mixing between the two Abelian groups U(l)y and U{1)b-l- It is known 
that this gauge mixing term may be absorbed in the covariant derivative through a redefinition of the 
gauge fields after an orthogonal transformation [6], so that 

D M = dp - iQlGA^ (2.3) 
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where Q<p is a vector with the t/(l)y and U(1)b-l charges for the field <j> and G is the gauge coupling 
matrix 

G=(" S V (2.4) 
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L 



In this basis, one finds 



Ml = \{gl + gl)v 2 , (2.5) 

Ml = g 2 B _ L v' 2 + \g 2 v 2 , (2.6) 



with the following mixing angle between Z and Z': 



± i 

g 2 + l6(^g B _ L -g^gf 



It is clear that in the limit of g — > 0, which will be adopted in our analysis, the Z and Z' sectors 
decouple. In this case, the B — L gauge symmetry is radiatively broken, as shown in Ref.[l]. The 
scalar potential V{xi,Xi) is given by 

V{xi,X2) = \gl-d\X2\ 2 ~ Ixil 2 ) 2 + Milxil 2 + M2IX2I 2 - M3(XiX2 + h.c), (2.8) 

where 

M 2 = m 2 + /( 4 = 1,2), M 2 = -B M '. (2.9) 

The stability of the potential (boundedness from below) implies 

n\+£>2\i%\. (2.10) 
Also, to avoid a vanishing minimum of the scalar potential, the following constraint is required 

M1M2 < 4 ■ (2-11) 

At the TeV scale these conditions can be satisfied simultaneously, thanks to the running of the scalar 
masses and m 2 ^ starting from the Grand Unification Theory (GUT) scale. The minimisation of 
V{xr,X2) a * the TeV scale leads to the following conditions: 

,/ - ( v > 2 + v ' 2 ) - (Mi-m1)-(m 2 +mI)cos2/?' 

" ( 1 2 } " 2 5 |_ L cos2/3' ' (2 ' 12) 
2u 2 

sin 2/3' = , 3 „ , (2.13) 

where (xi) = and (^2) = w 2 . The angle /3' is defined as tan/3' = v' 1 /v' 2 . For a given Mz>/gB-L > 6 
TeV (as dictated by experimental constraints), the minimisation condition (2.13) can be used to 
determine the SUSY parameter p! , up to a sign. One finds 

,2 m 2 - m 2 tan 2 1 „ 

» = t^e-i 4 M - ^ 



-4- 



We now consider the sneutrino sector. With a TeV scale right-handed sneutrino, the sneutrino 
mass matrix, for one generation in the basis {vl, v* l , vr, Vr)i is given by the following 4x4 Hermitian 
matrix: 

, / M 2 M 2 \ 

M = ,i > ( 2 - 15 ) 



(Mln) 1 M 



RR, 



where 



M 2 = (m\+ml + \M 2 Z cos 2/3 - \M% cos 2/3' V 

LL \ m| + mf, + i Mf cos 2^ - ± Mf , cos 2/3'y 1 

M| ^(^-Mcot/3 + M) \ 

LjK I m D (A„ - ^ cot (3 + M) v ; 



Af2 = + ro£ + m|, + \M% cos 2/3' M^(Ajv - (i' cot /3') i 

1 M N (A N -fi' cot j3') M N + m% + m 2 D + ^M 2 ,cos2j3'> ' 



with rriD = Y U V2, Mm = Ynv'i- It is clear that the mixing between left- and right-handed sncutrinos 
is quite suppressed since it is proportional to the Yukawa coupling Y v < O(10~ 6 ). A large mixing 
between the right(-handed)-sneutrinos and right(-handed)-antisneutrinos is quite plausible, since it 
is given in terms of the Yukawa term Yjv ~ 0(1). This illustrates that are mass eigenstates 

and they have degenerate masses equal to (M| i ) 11 whereas v R ,v* R are not mass eigenstates and the 
masses of the mass eigenstates will be different from each other. Indeed, the eigenvalues of the matrix 
M RR are given by 

™I Rl , 2 =ml R TAml R , (2.19) 

where m 2 R = \{wn% R + m 1 R ) is the average of heavy right-handed sneutrino squared- mass, which is 
given by 



in r , 



-.2 7(//"2 



1 



- M N + m ^+ m j } + -M 2 , cos 2/3'. (2.20) 



While Am 2 is the mass-splitting in the heavy right-handed sneutrinos, which is given by 



A< = M N 



A N -n'cotP'. (2.21) 



The mass splitting and mixing between the right-handed sneutrino vr and right-antisneutrino v* R 
are a result of a AL = 2 lepton number violation, as intimated. Therefore, it is natural that the 
mass splitting between the right-handed (anti)sncutrinos is given in terms of the right-neutrino mass 
Mtv, which represents the magnitude of lepton number violation. This should be compared with any 
mass splitting between left-(anti)sncutrinos, which is typically characterised by the size of the neutrino 
masses. As a consequence, vr and v* R are no longer the mass eigenstates. The latter are given instead 
by 

v\ = A= {vr + &r) , v 2 = -j= (vr - v* R ^ . (2.22) 

Here, we assumed that the SUSY parameters Ajq and fx' are real. The vr, and v* R mixing is an 
analogue to the mixing in B° — B° and K° — K° that are generated by a AB = 2 and AS = 2 
violation, respectively. 
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Figure 1. One- loop contribution to the neutrino mass due to the sneutrino mass splitting. 



3 Constraints on right-handed sneutrino-antisneutrino mixing 

The sneutrino mass splitting may generate one loop contribution to the neutrino mass [11]. In general, 
this induces a stringent constraint on the sneutrino mass splitting. In our (B — L)SSM, the one loop 
contribution to the neutrino mass is shown in Fig. 1, where right-handed sncutrinos and neutral 
Higgsinos are running in the loop. The calculation of this diagram leads to 



in 



(i) 



K\ 2 Ar, 
32tt 2 



52\U jH \ 2 f(x J}yj ), (3.1) 



where Xj = — t^, y,j = — t 2 - and Ujh is the ncutralino mixing matrix element which projects the 

Xj Xj 

ncutralino onto the Higgsino H%. The loop function f(x,y) is given by 

f(x,y) = — 1 p f —^—\ny ^—lnz 



Vv~ \y~ 1 x - 1 

In the limit m u , Amp R <C mp R , the definition of this loop function goes into that of Ref. [11]. The 
common feature of both of the two functions is that their values does not go more than 1. 

As can be seen from eq. (3.1), the right-handed sneutrino loop contribution to the neutrino mass 
is suppressed by the small Yukawa coupling, Y v < 10 -6 . Assuming that the neutrino mass, m„ — 
m°+ml , is of order 0(1O -9 ), to satisfy experimental limits. Thus, ml <C 10~ 9 GeV, which implies 
that \Y V \ 2 /S.rriv R <C 10~ 9 . This bound can easily be satisfied for any value of Am„ R ~ O(10 3 ) GeV, 
since Y 2 <C 10 -12 . Therefore, one can conclude that in the (B — L)SSM the light neutrino mass cannot 
impose any constraint on the right-handed sneutrino mass splitting. Accordingly, x„ R = Amp R /Tp R , 
where Tp R is the average decay rate of vr and Amp R = Am 2 R /2mp R can be quite large. This implies 
enough time for right-handed (anti) sneutrino oscillation, that can be probed by the final state lepton 
charge. The oscillation of right-handed sneutrinos into right-antisneutrinos is described by [15] 

^W = 5(TT%J- (3 - 2) 

Thus, for xp R ^> 1, the right-handed sneutrino-antisneutrino oscillation probability is ~ 1/2. 
4 LHC results 

In this section we study the production and decay of right-handed sneutrinos produced in pairs at 
the LHC. Also, we will explore the charge asymmetry of the emerging same-sign di-lepton final state. 
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From the (B — L)SSM Lagrangian, one can show that the relevant interactions for the right-handed 
sneutrino decay are given by 

+ (y„)y(Mjv)j cos/3 [{T Ll ) Pi 1 H+ {T vR ) aj v R ^ . (4.1) 

Here, we assume that the charged leptons are in their physical basis. The rotational matrices Tl l 
and r„ H are defined as Tl = (Tl l ,Fl, r ) and Y v = (F VL ,T VR ). Further, the neutralino mass matrix is 
diagonalised by a 4 x 4 rotation matrix N and the chargino mass matrix is diagonalised by two rotation 
matrices U, V. From this equation, it can be easily seen that if the lightest right-handed sneutrino is 
heavier than the lightest slepton, then the former can decay into the latter and a charged Higgs boson, 
which in turn decay into SM particles. Since the coupling right-handed sneutrino-slepton-charged 
Higgs boson is proportional to Mjv, the associated decay rate may not be suppressed. Accordingly, 
in this case, the right-handed sneutrino is no longer a long-lived particle and one should look for a 
final state with a same-sign di-lepton pair, missing (transverse) energy (E™ lss ) and jets, as shown in 
Fig. 2. It is important to note that both physical right-handed sneutrinos V\ % may decay to H + l~ or 
H~l + with equal probability since, as shown in (2.22), they are composed of an equal combination of 
v R and v* R . 

In this case, the total cross section of such a same-sign di-lepton (SS for short) signal at the LHC, 
which is a most striking signature for right-handed sneutrino-antisneutrino oscillation, is given by 

a(qq -> Z' -> v Ri vr 2 -> f!" + iss + jets) ~ a{qq ->■ Z' -> 9 Ri Dr 2 ) 

x BR(v Rl v R2 -> rrH+H+ l~r + E^ iss + je^)2) 

The scattering Matrix Element (ME), averaged/summed over initial/final colours and spins, for sneu- 
trino pair production is given by 

8o 4 s\k\ 2 

\M(qq^Z> H- 9 Rl 9 R2 )\ 2 = C q (Y^_ L f(Y^ L r _ ^ \^ ziTzi? (1 - cos 2 6), (4.3) 




Figure 3. The differential distribution in the invariant mass of the sneutrino pair in the process pp(qq) — > 
Z' -¥ v Ri Vr 2 at the LHC for 14 TeV. 

where C q = 3 is a colour factor, Yg_ L and Y^L L are the B — L charges of the quarks and right-handed 
sneutrinos, respectively, \fs is the Centre-of-Mass (CM) energy of the partonic collision at the LHC, 
cos 9 is the polar angle in the CM frame and 

is the modulus squared of the three-momentum of either sneutrino in the final state. (See the last 
paper in Ref. [3] for the expressions yielding Tz'-) In Fig. 3 we show the differential cross section of 
right-handed sneutrino pair production at the LHC with y/s = 14 TeV as CM energy for three choices 
of Mz>, 3, 5 and 6 TeV, and Qb-l, 1/2, 5/6, 1, correspondingly, each compliant with the limit from 
EW Precision Tests (EWPTs), i.e., Mz> / 9b-l > 6 TeV. The corresponding values of the integrated 
cross sections are 11, 1 and 0.3 fb, respectively 1 . For reference, we have taken mp Hi = 0.8 TeV and 
rriv R2 =1.2 TeV. The cross sections are therefore observable with standard luminosity. 

Note that, if the charged Higgs mass is less than 200 GcV, then its dominant decay channel is 
— > t^v t and accordingly BR(iJ ± — > r^v?) ~ 1 . However, for m H ± > 200 GeV, the decay 
channel 7J ± — > tb becomes dominant and one finds that BR(iJ ± — > V^ui) ~ O(0. 1) [17]. Also, if the 
charged slepton is assumed to be the second lightest SUSY particle and the lightest neutralino is the 
lightest one, then the BR(/~ ± -> Z ± x°) ^ 0(1). 

In contrast, if the mass of the right-handed sneutrino is smaller than the mass of the slepton, 
then the only available decay channels for the right-handed sneutrino are: vr^ 2 — > l^X^ or 2 — > 
j/iX [12]. In the former case, the chargino may decay to W T and the lightest neutralino. Therefore, an 
opposite-sign di-lepton (OS for short) pair, missing transverse energy and jets, is a possible signal as 

1 We have used here the CTEQ6L1 [16] Parton Distribution Functions (PDFs) with factorisation/renormalisation 
scale set to fi = Q = yfs. 
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Figure 4. Production of right-handed sneutrino pairs at the LHC and its decay to an opposite-sign di-lepton 
pair, missing transverse energy and jets. 



shown in Fig. 4. It is worth mentioning that due to the oscillation between the right-handed sneutrino 
and antisncutrino, which is reflected in the mass difference between vr x and vr 2 , it is possible for 
vr 1 to decay to l~ whilst vr 2 decays to l + . The difference between SS and OS outgoing di-leptons 
implies what is known as the lepton charge asymmetry, which can be measured at the LHC, providing 
a smoking gun signal for right-handed sneutrino oscillation. The lepton charge asymmetry is defined 
as [18] 

a(SS)-a(OS) ajy±X^) - ) u ^ 

a(SS)+a(OS) a(l-l~x + X + ) + ^(l+l-x+X') ' 1 ' 

where the SS cross section s is obtained as 

<t(SS) = a(qq -> Z' -»■ vrM BR(j> fil -> 1+xT) BR(^ 2 -)■ Z+x")- (4.6) 
and the OS cross section is given by 

a{OS) = a{qq -»■ Z' -»■ BR(j/ fll -+ Z+x") BR(% 2 -+ r* + ). (4.7) 

Here, we assume that the primary leptons produced in the (anti) sneutrino decays are always distin- 
guishable from those that may emerge from the decays of the charginos. 
Recall that the physical right-handed sneutrino states are defined as 

ur 1 = vr cos a + v R sin a, (4-8) 
vr 2 = — vr sin a + v* R cos a, (4-9) 

where the mixing angle a depends on the sneutrino and antisneutrino mass difference. Now, for large 
Amj; R one obtains a = j, which correspond to maximal mixing between v R and v* R . In these condi- 
tions, one has BK(Dr 1 — > l + X~) = BR(i>R 2 — > l~X + ) = (and charge conjugates). Therefore, 



- 9 - 



the cross sections a(SS) and a (OS) are identical. Explicitly, the lepton charge asymmetry A asym can 
be written as 

^asym = BR(^, -> 1+ X ) ~ BR(z> R 2 -> 

" BR(D R2 ->■ /+x-) + BR(^ 2 ->. /-*+) 



sin 2 a 



. 2 
sin a 



cos 2a. (4.10) 



It is therefore clear that, if there is no oscillation, the lepton charge asymmetry will be given by 
^jasym _ _^ while with maximal oscillation the asymmetry is given by A asym = 0. An effective lepton 
charge asymmetry is commonly introduced to overcome the misleading effect associated to the fact 
that the maximal mixing condition corresponds the value A asym = 0. This is defined as 

/lasym , i 

(4.11) 



2 

Therefore, the effective lepton charge asymmetry associated to the decay of right-handed sncutrinos 
is given by 

A c k=\- (4.12) 

This result is slightly larger than the charge asymmetry associated with left-handed sneutrinos 
decays, studied in Ref. [15]. In that scenario, the mass difference between right-handed sneutrino 
and antisneutrino is quite small, however a small sneutrino decay width (~ 10~ 14 ) was assumed, 
which implies that xo ~ 0(1) and hence significant oscillation can still take place. Our result of a 
large effective lepton charge asymmetry gives the hope that the right-handed sneutrino-antisneutrino 
can be easily probed at the LHC. However, this clearly depends upon the error associated with the 
asymmetry observables. 

For a given luminosity C, such that N$s = Ca(SS) and Nos — Ca(OS) are the event rates for 
the SS and OS final states, the statistical error of the predicted lepton charge asymmetry is obtained 
as [19] 



M asym = 2 N SS NoS (4 13) 

V (Nss + N os ) 3 

In Fig. 5, such a quantity is presented as a function of the LHC luminosity, at 14 TeV, for our 
aforementioned choices of Mz< and qb-l- As it can be seen, this error is already small enough 
at 100 fb -1 to enable a statistically significant extraction of A c g and it becomes less that 1% for 
C ~ 1000 fb . In fact, note that the corresponding errors for the effective lepton charge asymmetry 
are given by 1/2 those reported in this figure, as the coefficient 1/2 in front of A asym in eq. (4.11) 
is a precisely known real-valued constant. Note that for smaller values of the LHC energy, 7 and 
8 TeV, the errors in the effective lepton charge asymmetry are enhanced significantly due to the 
associated suppression for cross section and luminosity. In particular, for \fs = 7(8) TeV, one finds 
that a = 0.1593(0.5016), 0.0003(0.0012), 8.59 x 10" 5 (0.0003) fb for M z < = 3, 5, 6 TeV, and in this case 
SA cff would be of order 0.41(0.22), 9.96(4.61), 17.1(9.56), assuming C = 5(20) fb" 1 . Hence, it is clearly 
only the high energy and luminosity setup of the CERN machine that will enable one to fully probe 
sneutrino oscillations. 
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Figure 5. The statistical error on the lepton charge asymmetry in eq. (4.13) versus the luminosity at the 14 
TeV LHC. 

Finally, wc should like to mention the possibility that the two right-handed sneutrinos decay into 
light SM-like neutrinos and lightest neutralinos. This decay channel, if it took place, would be an 
invisible channel, since both light neutrinos and lightest neutralinos would be escaping the detector. 
This signal may provide therefore a robust signature for B — L sneutrino oscillations, say, a mono-jet or 
single photon, essentially free from SM background. However, we leave the pursuit of the consequent 
phenomenology to a separate publication [20]. 

5 Summary and conclusions 

In conclusion, we have proven that right-handed sneutrino-antisncutrino oscillations, emerging in the 
(B — L)SSM in presence of a type I seesaw mechanism of light neutrino mass generation, are testable 
at the LHC. In fact, after taking into account the constraints imposed on the mass splitting between 
heavy right-handed sneutrino and the corresponding antisneutrino by the experimental limits set on 
the light neutrino masses, we have shown that pair production of such right-handed sneutrinos decaying 
into leptons and charginos generates a cross section which is promptly accessible at 14 TeV and an 
effective lepton charge asymmetry that can be resolved already after 100 fb -1 of luminosity, both of 
which offer an efficient means to resolve the aforementioned oscillation phenomenon. 
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